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TITLE OF THE INVENTION 

INHIB, A FACTOR WHICH INHIBITS 
CYTOKINE-ACTIVATED LEUKOCYTES 

BACKGROUND OF THE INVENTION 

This invention was made in part with Government support. 
The Government has certain rights in this invention. 

Field of the Invention 

The present invention relates to the identification and 
substantial purification of a factor (INHIB) that inhibits the 
immunologic activity of cytokine-stimul ated leukocytes. The 
invention additionally relates to processes for preparing the 
INHIB molecule, methods of purifying the molecule, screening 
assays for the molecule, compositions containing INHIB, and 
uses for the molecule. 

Description of the Related Art 

Levels of circulating leukocytes are elevated in 
conditions such as allergy, asthma, parasitic diseases, 
autoimmune disorders such as connective tissue disease, in 
certain types of cancer, and in patients undergoing therapy 
with interleukin-2 (IL-2) or granulocyte-macrophage colony- 
stimulating factor. Leukocytes, in particular eosinophils, 
persist in the circulation with a half-life of several hours 
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to two days and then either enter the marginated (blood vessel 
wall) pool or infiltrate tissues, -At the site of inflammation 
in tissue, eosinophils and neutrophils, for example, secrete 
toxic substances that may kill infectious organisms but also 
may damage host (patient) tissues. For example, in the 
condition known as idiopathic hypereosinophilic syndrome, 
eosinophil cytotoxins cause ul trastructural damage and 
progressive fibrosis in the major organ systems, and ultimate- 
ly lead to death due to cardiac or respiratory arrest, or 
liver failure. 

Current treatment of leukocyte-mediated inflammatory 
disease consists of administering .a variety of anti-inflam- 
matory, antiproliferative, or cytotoxic drugs including 
prednisone, vincristine, and hydroxyurea. The efficacy of 
these drugs varies, depending on the disease state but there 
is no good treatment for idiopathic hypereosinophilic 
syndrome, for example. All of the drugs currently used 
therapeutically can have severe side effects on the subject. 
Similarly, there is an absence of effective drug treatments 
for many types of inflammatory diseases (such as rheumatoid 
arthritis) which involve inflammatory cells other than 
eosinophils. 

Several research groups have identified substances from 
biological sources that have inhibitory activity in vitro in 
assays that may correlate with processes in inflammation 
(processes that do not involve eosinophil function). These 
purified substances presumably may have some efficacy in the 
treatment of inflammatory disease; for example, uromodulin 
(Muchmore et al . , Science 229:479 (1985), J. Biol. Chem. 
259:13404 (1984), and 263:5418 (1988)), and undefined 
activities that protect L929 tumor cells from the toxic 
effects of tumor necrosis factor (TNF) (Seckinger et al . , J. 
Exp . Med . 167:1511 (1988) and Lin et al . , Immunology 63:663 
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(1988)). Uromodulin, for example, binds with high affinity to 
interleukin-1 (IL-1) and to TNF, suggesting that its activity 
is specific for cellular events mediated by these two factors. 

It is also possible that the processing of biological 
fluids may produce substances with apparent anti -inflammatory 
activities (Justement et a!. , J, Nat. Cancer Inst. 73:469. 
This group showed that chromatography of low density and very 
low density lipoproteins can oxidize the lipid moieties of 
these molecules, producing a molecule that inhibits monocyte 
cytotoxic function. 

Abundant evidence demonstrates that eosinophil cytotoxic 
function can be enhanced by a number of immunological 
mediators, but there was no previous evidence of a mechanism 
to suppress this function. 

Current treatment modalities for inflammatory disease are 
very unsatisfactory. Any means capable of attenuating or 
inhibiting cellular mechanisms of inflammation would, 
therefore, be highly desirable for subjects suffering from 
certain inflammatory disease processes. 

SUMMARY OF THE INVENTION 

The inventors have now discovered, and this invention 
relates to, a factor which inhibits the immunological activity 
of cytokine-stimulated leukocytes, in particular eosinophils 
and neutrophils. This factor, called INHIB, which suppresses 
proinflammatory functions, may be found in sera and various 
other biological tissues and fluids. This factor consists of 
a single polypeptide species and has a molecular weight (MW) 
of approximately 70 kilodaltons. Its activity is destroyed by 
either heating at 80°C or by treatment with trypsin, demon- 
strating that it is a polypeptide. 
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The inventors discovered, during the course of molecular 
sizing HPLC, that the potency of INHIB increased. When serum 
from a subject with allergic dermatitis was used as a source 
of INHIB, the HPLC increased the potency of INHIB by a factor 
of 50 to 2000 in multiple experiments, INHIB was also derived 
by HPLC fractionation of control serum from each of many other 
subjects, demonstrating that INHIB is a component of normal 
biological fluid and tissue that can be activated by purifica- 
tion and, presumably, by certain physiological events in vivo . 

The present invention relates to INHIB as well as to its 
functional derivatives. The invention additionally pertains 
to processes for preparing and purifying INHIB, screening 
assays for INHIB, diagnostic and therapeutic uses of INHIB, 
and compositions containing INHIB or its functional deriva- 
tives. 

In particular, the invention includes INHIB or its 
functional derivatives, which are substantially free of 
natural contaminants. 

The purification of INHIB was achieved by a sequence of 
protein fractionation methodologies. Following each 
separation step, the fractions were screened for the ability 
to inhibit eosinophil killing of targets in vitro . The 
fractions containing the major inhibitory activity were 
forwarded to the next separation methodology. 

The invention includes a method for recovering INHIB in 
substantially pure form which includes, but is not limited to, 
the following steps: 

(a) isolating INHIB from a sample; 

(b) ammonium sulfate precipitation of the INHIB- 
containing fraction; 

(c) control! ed-pore glass bead chromatography of the 
INHIB-containing fraction; 



WO 90/05537 



PCT/US89/04864 



-5- 

(d) hydrophobic interaction chromatography of the INHIB- 
containing fraction; 

(e) anion exchange chromatography of the INHIB-contain- 
ing fraction; 

(f) reverse-phase HPLC chromatography of INHIB; and 

(g) recovering the filtrate obtained in step (f) in 
substantially pure form. 

Purified and partially purified INHIB suppressed the 
killing of targets by eosinophils stimulated with granulocyte- 
macrophage colony-stimulating factor as well as with TNF, 
This demonstrates that the activity of INHIB is not cytokine- 
specific. 

Purified and partially-purified INHIB suppressed the 
adherence of TNF-stimul ated neutrophils to plastic surfaces. 
This demonstrates that the inhibitory activity of INHIB is not 
restricted to eosinophils but rather regulates a variety of 
inflammatory cell types. 

The purification of INHIB also permits the generation of 
INHIB-related oligonucleotide and antibody probes that can be 
used to screen gene libraries for the molecular cloning of the 
INHIB gene. For logistical reasons, culture medium containing 
biosynthetic (recombinant) INHIB would be a superior source 
material compared to natural biological tissues or fluids for 
the purification of INHIB. The purification strategy 
presented here may be used to purify recombinant INHIB. 

The invention includes the INHIB obtained by the above 
methods. 

The invention further pertains to INHIB and its deriva- 
tives which are detectably labeled. 

The invention is further directed to a method of 
diagnosing the presence and location of inflammation in a 
mammalian subject suspected of having an inflammation which 
comprises: (a) administering to said subject a composition 
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containing a detectably labeled binding molecule (e.g., 
antibody) capable of binding and identifying INHIB; and 
(b) detecting said binding molecule. 

The invention also pertains to a method of diagnosing the 
presence and location of an inflammation in a mammalian 
subject suspected of having an inflammation which comprises: 
(a) incubating a biological sample from said subject suspected 
of containing INHIB in the presence of a detectably labeled 
binding molecule (e.g., antibody) capable of identifying 
INHIB; and (b) detecting said binding molecule which is bound 
in said sample. Said biological samples may include various 
tissues or body fluids such as blood serum, for example. 

The invention is also directed to a method of treating 
inflammation in a mammalian subject which comprises providing 
to said subject in need of such treatment an amount of an 
anti- inflammatory agent sufficient to suppress said inflamma- 
tion; wherein said anti -inflammatory is selected from the 
group consisting of: INHIB, a fragment of INHIB, a chemical 
derivative of INHIB, a variant of INHIB, and an analogue of 
INHIB. 

The invention also includes the above method for treating 
inflammation wherein said anti -inflammatory agent is adminis- 
tered in a suitable carrier. 

The invention also relates to a pharmaceutical composi- 
tion for treating inflammation in a mammalian subject 
comprising administering an inflammation-reducing amount of an 
anti -inflammatory agent, wherein said agent is selected from 
the group consisting of: INHIB, a fragment of INHIB, a 
chemical derivative of INHIB, a variant of INHIB, and an 
analogue of INHIB. 

The invention therefore includes novel methods for 
recovering and purifying the new INHIB molecule and its 
functional derivatives, uses for the molecule, including 
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diagnosing and treating inflammation in a mammalian subject, 
and novel compositions containing INHIB or its functional 
derivatives. 

An understanding of this process of the inhibition of 
immunologic activity of cytokine-stimulated leukocytes such as 
eosinophils and neutrophils, and of the natural anti -inflam- 
matory INHIB molecule itself, will aid in the development of 
its therapeutic and/or diagnostic uses in such fields as organ 
transplantation, allergy and oncology. This invention will 
enable those in the medical field to more effectively diagnose 
and treat inflammatory disease processes, and to utilize a 
quantitative assay for INHIB in order to monitor the time- 
course and/or intensity of ongoing clinical episodes of 
inflammation. The invention will further enable researchers 
to investigate the mechanisms of leukocyte interactions and 
leukocyte function, particularly eosinophils and neutrophils, 
in inflammation. 

RRTFF DESCRIPTION OF THE FIGURES 

Figure 1 . The failure of eosinophils from a human 
subject (NR) to respond with enhanced cytotoxic function to 
TNF. Normal and NR eosinophils were purified and cultured in 
the presence of schistosomula targets, antibody, and either 
100 U/ml or the indicated concentration of TNF. The killing 
of schistosomula targets was scored in duplicate or triplicate 
by microscopy at 36 to 40 hours. 

A. Summary of 40 experiments, using eosinophil 
purified from 21 different donors (excluding NR) . 

B. Summary of 12 experiments using eosinophils 
purified from NR, each done in parallel with at least from 
experiment in group A. Experiments U and W were done while NR 
was undergoing severe contact dermatitis reactions. Experi- 



y 

WO 90/05537 PCT/US89/04864 ' 

-8- 



ment Y was done while NR had extensive bruising as a result of 
an accidental fall . 

C. The responsiveness of NR eosinophils (solid 
circle) and normal eosinophils (open triangles) to TNF at the 
indicated doses. The levels of killing in the absence of TNF 
are shown for NR (dotted line) and normal (dashed line) 
eosinophils. 

Figure 2 . Weak response of NR eosinophil to GM-CSF. In 
parallel with 3 experiments from Figs, 1A and IB, the effect 
of GM-CSF was tested on the cytotoxic function of NR eosino- 
phils that were unresponsive TNF (open symbols). The 

« 

responsiveness was compared to that of normal eosinophils 
(solid symbols of the same shape). 

Figure 3 . The failure of NR neutrophils to respond with 
enhanced respiratory burst to TNF. Neutrophils from a normal 
subject (A) and NR (B) were isolated and incubated in 
physiological buffer at 37° for 10 minutes with (solid 
circles) or without (open circles) 100 U/ml of TNF. At time 0 
the neutrophils were treated with 50 ug/ml of IgG aggregates 
and incubated further at 37° C. The release of H2O2 over time 
was monitored by the scopoletin method. TNF alone did not 
stimulate the release of H2O2 (not shown). 

Figure 4 . Specific binding of 125 I-TNF to NR neutrophils 
(solid circles) and to normal neutrophils from Z different 
subjects (open symbols), 3 x 10 6 neutrophils were incubated 
overnight with either the indicated dose of labeled TNF (for 
total cpm bound) or that dose plus a 1000-fold excess of 
unlabeled TNF (for non-specific cpm bound). Non-specific cpm 
bound was subtracted from total cpm bound to determine the 
specific cpm bound at each concentration. At doses of less 
than 15 ng TNF/600ul , non-specific cpm bound were <26% of 
total cpm. 
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Figure 5 . The ability of NR serum to cross-inhibit 
heterologous eosinophils from responding to TNF. The 
cytotoxic function of eosinophils was assayed in the presence 
(squares) or absence (circles) of 100 U/ml of TNF. Control 
heterologous serum (solid) or NR serum (open) was added to the 
cultures at the indicated concentrations. The horizontal 
lines indicate the level of killing with no serum added in the 
presence (dashes) or absence (dots) of TNF. 

Figure 6 . Variation over time in the ability of NR serum 
to inhibit the cytotoxic function of TNF-stimul ated eosino- 
phils. The cytotoxic function in the presence (100%) or 
absence (0%) of 100 U/ml of TNF was assayed. Heterologous 
(with respect to the eosinophils) sera were added to the 
cultures at a concentration of 10%.' Samples 1-4 were taken 
from control donors. 

Figure 7 . Population distribution of the inhibitory 
activity in human sera. 100 anonymous serum samples were 
obtained from the Red Cross and tested as in Fig. 6 for the 
ability to inhibit the cytotoxic function of TNF-activated 
eosinophils at a concentration of 10%. 

Figure 8 . HPLC sizing analysis of INHIB. 

A. 100 ul of NR serum was injected on a TSK 400 
column, and 1 ml fractions were collected. The fractions were 
heat-inactivated (56* for 30 minutes) and added to TNF- 
stimul ated eosinophils at a concentration of 20%. The 
cytotoxic function of the eosinophils was determined at 36 to 
40 hours. 

B. Emergence of INHIB activity when normal serum is 
chromatographed. The conditions of chromatography and 
bioassay were as for A. 

Figure 9 . Increase in the titer of INHIB as a con- 
sequence of HPLC sizing chromatography. NR serum (A, same 
sample as 8A), a human serum pool (lot 29309039, obtained from- 
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Flow Laboratories) (B), a control serum sample with no 
inhibitory activity (C, same sample as 8B), and HPLC fractions 
7 through 9 of these sera were tested for inhibitory activity 
in the eosinophil cytotoxicity assay at the indicated 
concentrations. 

Figure 10 . Sensitivity of INHIB to heat or trypsin 
treatment. The results in 3 experiments with INHIB from NR 
serum and 4 experiments with different control sera were 
essentially similar; in order to compare the results on the 
same scale, the level of killing in the presence of TNF with 
no inhibitors present was set equal to 100%. Values represent 
the mean % maximum killing + S.E. in 7 experiments. Killing 
was assayed under standard conditions when eosinophils were 
stimulated with: A, control medium; B, TNF plus 1% trypsin 
(2 x 0.5% trypsin w/z at 37°C for 30 minutes) plus soybean 
trypsin inhibitor (4-fold excess neutralizing units); C, TNF 
plus untreated INHIB; D, TNF plus treated INHIB (treatment = 
80°C for 1 hour); E, TNF plus INHIB (1 hour trypsin, then 
SBTI); F, TNF plus INHIB (1 hour SBTI and trypsin); G, sample 
E with fresh INHIB added at end. 

Figure II . The inability of INHIB to protect L929 cells 
from TNF; time dependence of protection by the neutralizing 
monoclonal antibody 245-10E11. 100 U/ml of TNF was added to 
actinomycin D-treated (solid symbols) or untreated (open 
symbols) L929 cells. At the indicated times, 20% INHIB 
(circles, HPLC fractions 7 through 9) or 1000 neutralizing 
units of monoclonal antibody (triangles) was added to the 
cultures. The survival of cells was measured by the MTT 
method, and the relative protection by either of the inhibi- 
tors was calculated by comparison with the no inhibitor (0%) 
and no TNF (100%) control values. 

Figure 12 . The existence of a serum factor (INHIB) that 
inhibits the cytotoxic function of TNF-stimul ated human 
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eosinophils. Normal human serum (solid symbols) and serum 
from a subject with frequent episodes of allergic dermatitis 
(open symbols) were added to the eosinophil cytotoxicity assay 
(components = 10 5 purified human eosinophils, antibody from 
Brazilian schistosomiasis patients, control medium [circles] 
or medium plus 100 U/ml of TNF [squares], and 100 mechanically 
transformed schistosomula) at the indicated concentrations. 
After a 40-hour incubation at 37 a C, the killing of schisto- 
somula targets was scored by microscopy. Values represent the 
mean od duplicate determinations. 

Figure 13 . Molecular weight estimate of the INHIB in 
normal (solid circle) and allergic dermatitis (open circle) 
sera. 100 ui samples of serum were chromatographed on a TSK- 
400 HPLC column with a solvent of Hank's Balanced Salt 
Solution (buffered with 25 mM Hepes, pH 7.0, and containing 
penicillin and streptomycin). The eluted samples were tested 
in the eosinophil cytotoxicity assay, as described in Figure 
12. 

Figure 14 . Increased potency of INHIB as a result of 
partial purification. Pooled fractions 17-19 from Figure 13 
(squares) were compared for inhibitory activity to the sera 
(circles) from which they were derived. Samples from a normal 
(solid symbols) and allergic dermatitis subjects (open 
symbols) were tested at the indicated concentration in the 
eosinophil cytotoxicity assay, as described for Figure 12. 

Figure 15 . Enrichment of INHIB by ammonium sulfate 
precipitation. Fractions of serum were generated as described 
in the text, dialyzed in medium, and tested in the eosinophil 
cytotoxicity assay, as described for Figure 12. 

Figure 16 . Enrichment of INHIB by chromatography over 
control led-pore glass beads. Samples were generated as 
described in the text and assayed as described for Figure 12. 
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The non-adherent runthrough (RT) usually contained some INHIB 
and could be recycled through the column. 

Figure 17- Enrichment of INHIB by hydrophobic inter- 
action chromatography- The active fraction from Figure 16 was 
chromatographed as described in the text. The elution of 
proteins was monitored by absorbance at 280 nm (top figure, 
fraction numbers indicated). After dialysis in medium, 
aliquots of these fractions were tested in the eosinophil 
cytotoxicity assay, as described for Figure 12 (bottom 
figure). 

Figure 18 . Enrichment of INHIB by anion exchange 
chromatography. The active fraction from Figure 17 was 
chromatographed as described in the text. The elution 
profiles and biological activities were determined as 
described for Figure 17. 

Figure 19 . Final purification of INHIB by reversed-phase 
HPLC. The active fraction from Figure 18 was chromatographed 
as described in the text. The elution profiles and biological 
activities were determined as for Figure 17, except that the 
results represent the mean of two experiments. The range of 
0-100% is equal to the difference between the negative control 
and the maximum killing. The arrow shows the peak of purified 
INHIB. 

Figure 20 . SDS-polyacryl amide gel analysis of purified 
INHIB. The fraction numbers, corresponding to Figure 19 and 
the positions of molecular weight markers, are shown. The 
single species of purified INHIB is indicated by an arrow. 

Figure 21 . The .ability of purified INHIB to inhibit 
neutrophil adherence to plastic. The samples from Figure 19 
were tested in two experiments as described in the text. The 
range of 0-100% is equal to the difference between the 
negative control and maximum adherence, assayed in duplicate 
in each of two experiments. 
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nFSCRIPTION OF THE PREFERRED EMBODIMENTS 

One aspect of the present invention relates to the 
discovery of a natural inhibitor of cytokine- stimulated 
leukocyte immunological activity, referred to as INHIB. The 
invention is directed toward substantially pure INHIB and its 
"functional derivatives." 

The term "leukocyte" refers to white blood cells, 
including neutrophils, eosinophils, and monocytes. 

By the terms "activated," "activation," or "immunologic 
activity" is meant the stimulation of subject cells to behave 
in a certain biologically expected manner, i.e., for neutro- 
phils to become adherent or eosinophils to become cytotoxic, 
for example. 

The term "cytokine" refers to a compound capable of 
activating leukocytes, in particular, eosinophils and 
neutrophils. Cytokines are, in general, proteins or glyco- 
proteins having a molecular weight of 10-100 kDa. Examples of 

cytokines are disclosed by Stephenson (In: Animal Cell 

Biotechnology . Vol. 2, Spier, R.E., et al . . eds., Academic 
Press, pp. 41-45 (1985)). Although any compound capable of 
regulating INHIB inhibition of the immunological activities of 
leukocytes, such as cytotoxicity or adherence, may be employed 
in accordance with the present invention, it is preferable to 
employ a cytokine, and it is especially preferable to employ 
the cytokine TNF or granulocyte-macrophage colony-stimulating 
factor (GMCSF), or eosinophil cytotoxic enhancing factor 
(ECEF) and their recombinant forms. See, for example, Wang et 
al . . Science 228:149 (1985) for the cloning and purification 
of recombinant TNF; and Wong et al . , Science 228:810 (1985) 
for the cloning and purification of recombinant GMCSF. The 
regulation of human eosinophil function by cytokines is 
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described in Silberstein et al . , Immunol . Today 8:380-385 
(1987). - 

The term "functional derivatives" is intended to include 
the "fragments," "variants," "analogues," or "chemical 
derivatives" of a molecule, A "fragment" of a molecule such 
as INHIB is meant to refer to any polypeptide subset of that 
molecule. A "variant" of a molecule such as INHIB is meant to 
refer to a naturally occurring molecule substantially similar 
to either the entire molecule, or a fragment thereof. An 
"analogue" of a molecule such as' INHIB is meant to refer to a 
non-natural molecule substantially similar to either the 
entire molecule or a fragment thereof. A molecule is said to 
be "substantially similar" to another molecule if the sequence 
of amino acids in both molecules is substantially the same, 
and if both molecules possess a similar biological activity. 
Thus, provided that two molecules possess a similar activity, 
they are considered variants as that term is used herein even 
if one of the molecules contains additional amino acid 
residues not found in the other, or if the sequence of amino 
acid residues is not identical. 

As used herein, a molecule is said to be a "chemical 
derivative" of another molecule when it contains additional 
chemical moieties not normally a part of the molecule. Such 
moieties may improve the molecule's solubility, absorption, 
biological half-life, etc. The moieties may alternatively 
decrease the toxicity of the molecule, eliminate or attenuate 
any undesirable side effect of the molecule, etc. Examples of 
moieties capable of mediating such effects are disclosed in 
Remi noton / s Pharmaceut i cal Sci ences (1980) and will be 
apparent to those of ordinary skill in the art. 

One screening method for determining whether a given 
compound is an INHIB functional derivative comprises, for 
example, immunoassays employing RIA or ELISA methodologies, 
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based on the production of specific neutralizing antibodies 
(monoclonal or polyclonal) to natural INHIB. Other suitable 
screening methods will be readily apparent to those of skill 
in the art. 

The INHIB molecule disclosed herein is said to be 
"substantially free of natural contaminants" if preparations 
which contain it are substantially free of materials with 
which this product is normally and naturally found. 

For purposes of the present invention, preferred methods 
of purification include, without being limiting, the following 
steps: 

a) Fractionating the biological sample containing INHIB 
based on precipitating proteins at high ionic 
strength. Proteins differ in their solubility in 
concentrated salt solutions and hence can be 
separated from one another by precipitation at high 
ionic strength. The preferred salt is ammonium 
sulfate, although other salts are known and may be 
used. 

b) Protein separation based on hydrogen bonding to 
separate the contaminating proteins from the sample 
containing INHIB using hydrophobic interaction 
chromatography. This step is preferably chroma- 
tography over controlled-pore glass beads such as 
those available from Sigma Chemical Co., St. Louis, 
Mo., when the biological sample is serum. Alter- 
natively, for other samples, DEAE-cell ul ose-exchange 
chromatography may be used. In addition, affinity 
chromatography such as affi-blue gel affinity 
chromatography could be used at this step. 

c) Protein separation based on hydrogen bonding, for 
example, using hydrophobic interaction chroma- 
tography. 
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d) Protein separation based on carboxyl and amino 
charges, for example, anion exchange chromatography. 

e) Separating substances based upon their weakly polar 
or non-polar moieties using ion-exchange chroma- 
tography using reverse-phase HPLC. 

In particular, the following methods and materials were 
found to be particularly useful: (1) ammonium sulfate 
precipitation, (2) chromatography over controlled-pore glass 
beads, (3) hydrophobic interaction chromatography using a 
sil ica-phenyl matrix, (4) anion exchange chromatography using 
a silica-DEAE matrix, and (5) reverse-phase HPLC using a 
silica-alkyl (C4) matrix. 

Also contempl ated by the present invention are purified 
INHIB fragments or its derivatives manufactured using organic 
synthesis or recombinant DNA techniques, or by proteolysis. 

It will be appreciated by those of skill in the art that 
other purification steps may be substituted for the preferred 
method described above- For example, instead of using 
chromatography over controlled-pore glass beads in step (b), 
one could equally use affi-blue gel chromatography to remove 
serum albumin from a serum sample containing INHIB. (See 
Travis et al . , Biochem. J. 157:301-306 (1976); Yip et al . . 
PNAS 78:1601). 

By the term "mammal" is intended all mammals in which 
INHIB may be obtained from tissue or fluid and for which the 
inhibition of eosinophilic or neutrophilic immunologic 
activity, for example, and other uses of the present inven- 
tion, described below, have a beneficial effect. Foremost 
among such mammals are humans; however, the invention is not 
intended to be so limiting, it being within the contemplation 
of the invention to treat any and all mammals which may 
experience the beneficial effects of the invention. 
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Th e present invention also includes methods of detecting 
INHIB or its functional derivatives in a sample or subject. 
For example, antibodies specific for INHIB, or its functional 
derivatives, may be detectably labeled with any appropriate 
ligand, for example, a radioisotope, an enzyme, a fluorescent 
label, a paramagnetic label, or a free radical. The presence 
of inflammation may be detected through the use of such 
detectably labeled materials- Methods of making and detecting 
such detectably labeled antibodies or their functional 
derivatives are well known to those of ordinary skill in the 
art. 

The term "antibody" refers to monoclonal or monospecific 
antibodies which have a substantially homogeneous population 
of molecules. Monoclonal antibodies directed toward INHIB may 
be obtained by methods known to those skilled in the art. 
See, for example, Kohler and Milstein, Nature 256:495-497 
(1975) and U.S. Patent No. 4,376,110. These publications, as 
well as those mentioned hereunder, are incorporated herein by 
reference. Unless defined otherwise, various terms used 
herein have the same meaning as is well understood in the art 
to which the invention belongs. 

The term "antibody" is also meant as well to include both 
intact molecules as well as fragments thereof, such as, for 
example, Fab and F(ab')2, which are capable of binding to 
antigen. 

It is possible to use antibodies, or their functional 
derivatives, to detect or diagnose the presence and location 
of an inflammation in a mammalian subject suspected of having 
an inflammation by utilizing an assay for INHIB, comprising 
incubating a biological sample from said subject suspected of 
containing INHIB in the presence of a detectably labeled 
binding molecule (e.g., antibody) capable of identifying 
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INHIB, and detecting said binding molecule which is bound in a 
sample. 

Thus, in this aspect of the invention, a biological 
sample may be treated with nitrocellulose, or other solid 
support which is capable of immobilizing cells, cell particles 
or soluble protein. The support may then be washed with 
suitable buffers followed by treatment with the detectably 
labeled INHIB-specif ic antibody. The solid phase support may 
then be washed with the buffer a second time to remove unbound 
antibody. The amount of bound label on the antibody may then 
be detected by conventional means. 

One embodiment for carrying out the assay of the present 
invention on a sample containing INHIB, comprises: 

(a) contacting a sample suspected containing INHIB 
with a solid support to effect immobilization of INHIB; 

(b) contacting said solid support with a detectably 
labeled INHIB-specif ic antibody; 

(c) incubating said detectably labeled INHIB- 
specific antibody with said support for a time sufficient to 
allow the INHIB-specif ic antibody to bind to the immobilized 
INHIB; 

(d) separating the solid phase support from the 
incubation mixture obtained in step (c) ; and 

(e) detecting the bound label and thereby detecting 
and quantifying INHIB. 

This aspect of the invention relates to a method for 
detecting INHIB or fragment thereof in* a sample comprising 

(a) contacting a sample suspected of containing 
INHIB with an INHIB-specif ic antibody or 
fragment thereof which binds to INHIB; and 

(b) detecting whether a complex is formed. 

Of course, the specific concentrations of detectably 
labeled antibody and INHIB, the temperature and time of 
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incubation, as well as other assay conditions may be varied, 
depending on various factors including the concentration of 
INHIB in the sample, the nature of the sample, and the like. 
The binding activity of a given lot of antibody directed 
toward INHIB may be determined according to well known 
methods. Those skilled in the art will be able to determine 
operative and optimal assay conditions for each determination 
by employing routine experimentation. 

Other such steps as washing, stirring, shaking, filtering 
and the like may be added to the assays as is customary or 
necessary for the particular situation. 

One of the ways in which the INHIB-specific antibody can 
be detectably labeled is by linking the same to an enzyme. 
This enzyme, in turn, when later exposed to an appropriate 
substrate, will react with the substrate in such a manner as 
to produce a chemical moiety which can be detected, for 
example, by spectrophotometric, fluorometric or by visual 
means. Enzymes which can be used to detectably label the 
INHIB-specific antibody include, but are not limited to, 
malate dehydrogenase, staphylococcal nuclease, del ta-V-steroid 
isomerase, yeast alcohol dehydrogenase, alpha-glycerophosphate 
dehydrogenase, triose phosphate isomerase, horseradish 
peroxi dase , al kal i ne phosphatase, asparagi nase , gl ucose 
oxidase, beta-gal actosidase, ribonuclease, urease, catalase, 
glucose-VI-phosphate dehydrogenase, glucoamylase and acetyl- 
choline esterase. 

The INHIB-specific antibody may also be labeled with a 
radioactive isotope which can be determined by such means as 
the use of a gamma counter or a scintillation counter or by 
audioradiography. - Isotopes which are particularly useful for 
the purpose of the present invention are: 3 H, 125 I, 131 I, 
35s, 14 C, and 51 Cr. 
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It is also possible to label the INHIB-specific antibody 
with a fluorescent compound. When the fl uorescently labeled 
antibody is exposed to light of the proper wave length, its 
presence can then be detected due to the fluorescence of the 
dye. Among the most commonly used fluorescent labelling 
compounds are fluorescein isothiocyanate, rhodamine, 
phycoeryther i n , phycocyan i n , al 1 ophycocyan i n , o - phthal dehyde 
and fluorescamine. 

The INHIB-specific antibody can also be detectably 
labeled using fluorescence emitting metals such as l 5 ^Eu, or 
others of the lanthanide series. These metals can be attached 
to the INHIB-specific antibody using such metal chelating 
groups as diethyl enetriaminepentaacetic acid (DTPA) or 
ethyl enedi ami netetraacetic acid (EDTA). 

The INHIB-specific antibody also can be detectably 
labeled by coupling it to a chemi luminescent compound. The 
presence of the chemi luminescent-tagged INHIB-specific 
antibody is then determined by detecting the presence of 
luminescence that arises during the course of a chemical 
reaction. Examples of particularly useful chemi luminescent 
labeling compounds are luminol, isoluminol, theromatic 
acridinium ester, imidazole, acridinium salt and oxalate 
ester. 

Likewise, a bioluminescent compound may be used to label 
the INHIB-specific antibody of the present invention. 
Bioluminescence is a type of chemi luminescence found in 
biological systems in which a catalytic protein increases the 
efficiency of the chemi luminescent reaction. The presence of 
a bioluminescent protein is determined by detecting the 
presence of luminescence. Important bioluminescent compounds 
for purposes of labeling are luciferin, lucif erase and 
aequorin. 
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Detection of the INHIB-specif ic antibody may be accom- 
plished by a scintillation counter, for example, if the 
detectable label is a radioactive gamma emitter, or by a 
fluorometer, for example, if the label is a fluorescent 
material. In the case of an enzyme label, the detection can 
be accomplished by colorimetric methods which employ a 
substrate for the enzyme. Detection may also be accomplished 
by visual comparison of the extent of enzymatic reaction of a 
substrate in comparison with similarly prepared standards. 

The detection of foci of such detectably labeled 
antibodies is indicative of a site of inflammation. In one 
embodiment, as described above, this examination for inflamma- 
tion is accomplished by removing samples of tissue or blood 
and incubating such samples in the presence of detectably 
labeled antibodies. In a preferred embodiment, this technique 
is accomplished in a non- invasive manner through the use of 
magnetic imaging, fluorography, etc. For example, such a 
diagnostic test may be employed in monitoring organ transplant 
recipients for early signs of potential tissue rejection. 
Such assays may also be conducted in efforts to determine a 
subject's clinical status in rheumatoid arthritis and other 
chronic inflammatory diseases. 

INHIB is involved in inflammatory processes. The term 
"inflammation" is meant to include reactions of both the 
specific arid non-specific defense systems. A specific defense 
system reaction is a specific immune system reaction response 
to an antigen. Examples of a specific defense system reaction 
include the antibody response to antigens such as rubella 
virus, and delayed-type hypersensitivity response mediated by 
T-cells (as seen, for example, in individuals who test 
"positive" in the Mantaux test). 

A non-specific defense system reaction is an inflammatory 
response mediated by leukocytes incapable of immunological 
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memory. Such cells include granulocytes, macrophages, 
neutrophils, eosinophils, etc. Examples of a non-specific 
defense system reaction include the immediate swelling at the 
site of a bee sting, the reddening and cellular infiltrate 
induced at the site of a burn, and the collection of poly- 
morphonuclear (PMN) leukocytes at sites of bacterial infection 
(e.g., pulmonary infiltrates in bacterial pneumonias, pus 
formation in abscesses). 

It will be appreciated that the present invention will be 
easily adapted to the diagnosis, monitoring, and treatment of 
inflammatory disease processes such as rheumatoid arthritis, 
acute and chronic inflammation, post-ischemic (reperfusion) 
leukocyte-mediated tissue damage, acute leukocyte-mediated 
lung injury (e.g., Adult Respiratory Distress Syndrome), and 
other tissue- or organ-specific forms of acute inflammation 
(e.g., glomerulonephritis). 

The term "treatment" is meant to include the prevention, 
elimination and attenuation or amelioration of the conditions 
of pathology described below. 

As would be apparent to one of ordinary skill in the art, 
the therapeutic effects of INHIB may be obtained by providing 
to a patient the entire INHIB molecule, or any therapeutically 
active peptide fragment thereof. 

As is also apparent, the therapeutic advantages of INHIB 
may be augmented through the use of INHIB mutants or variants 
possessing additional amino acid residues added to enhance its 
coupling to a carrier or to enhance the activity of INHIB. 
The scope of the present invention is further intended to 
include mutant forms of INHIB (including INHIB molecules which 
lack certain amino acid residues, or which contain altered 
amino acid residues, so long as such mutant INHIB molecules 
exhibit the capacity to affect cellular function). 
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The INHIB molecule of the present invention and its 
functional derivatives can be formulated according to known 
methods of preparing pharmaceutical^ useful compositions, 
whereby these materials or their functional derivatives are 
combined in a mixture with a pharmaceutical ly acceptable 
carrier vehicle. The objects and advantages of the present 
invention may be achieved by such a composition comprising 
INHIB when administered in said suitable pharmaceutical ly 
acceptable (sterile and non-toxic) carrier to mammals 
suffering from inflammatory disease conditions, cancer, or the 
like. Suitable vehicles and their formulation are described, 
for example, in Remington's Pharmaceutical Sciences (16th ed., 
Osol, A., Ed., Mack, Easton, PA (1980)). In order to form a 
pharmaceutical ly acceptable composition suitable for effective 
administration, such compositions will contain a thera- 
peutically effective amount of INHIB molecule, or its 
functional derivatives (an inflammation-reducing amount) , 
together with a suitable amount of carrier vehicle. 

As used herein, the preparations and compositions of the 
present invention mediate suppression of, attenuate, or 
ameliorate inflammation, if, when provided to an animals, 
their administration results in either a decrease in the 
inflammation or prevalence of inflammation-associated cells. 
It is to be understood that the compositions and preparations 
of the present invention are to be provided to an animal in 
amounts and at frequencies capable of successfully mediating 
the suppression of said inflammation. The proper amounts and 
frequences will be readily discernable to those of skill in 
the art. 

Compositions within the scope of this invention include 
all compositions wherein each of the components thereof is 
contained in an amount effective to achieve its intended 
purpose. 
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Suitable pharmaceutical^ acceptable carriers may 
comprise excipients and auxiliaries which facilitate process- 
ing of the active compounds into preparations which can be 
used pharmaceutically- These will be readily apparent to 
those of skill in the art, 

A preferred product of the invention is a sterile 
pharmaceutical composition for therapeutic use containing 
INHIB or its functional derivatives, which is suitable for 
intravenous administration. The product may be in lyophilized 
form to be reconstituted for use by addition of a suitable 
carrier, or diluent, or it may be in the form of an aqueous 
solution. 

For reconstitution of a lyophilized product in accordance 
with this invention, one may employ a sterile diluent, which 
may contain materials generally recognized for approximating 
physiological conditions and/or as required by governmental 
regulation. In this respect, the sterile diluent may contain 
a buffering agent to obtain a physiologically acceptable pH, 
such as sodium chloride, saline, phosphate-buffered saline, 
and/or other substances which are physiologically acceptable 
and/or safe for use. In general, the material for intravenous 
injection in humans should conform to regulations established 
by the Food and Drug Administration, which are available to 
those in the field. 

The pharmaceutical composition may also be in the form of 
an aqueous solution containing many of the same substances as 
described above for the reconstitution of a lyophilized 
product. 

As mentioned above, the products of the invention may be 
incorporated into pharmaceutical preparations which may be 
used for therapeutic purposes. However, the term "pharma- 
ceutical preparation" is intended in a broader sense herein to 
include preparations containing a protein composition in 
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accordance with this invention, used not only for therapeutic 
purposes but also for reagent or diagnostic purposes as known 
in the art, or for tissue culture. The pharmaceutical 
preparation intended for therapeutic use should contain a 
"pharraaceutically acceptable" or "therapeutically effective 
amount" of INHIB, i.e., that amount necessary for preventative 
or curative health measures. If the pharmaceutical prepara- 
tion is to be employed as a reagent or diagnostic, then it 
should contain reagent or diagnostic amounts of INHIB. 

A composition is said to be "pharmaceutically acceptable" 
if its administration can be tolerated by a recipient patient. 
Such an agent is said to be administered in a "therapeutically 
effective amount" if the amount administered is physiological- 
ly significant. An agent is "physiologically significant" if 
its presence results in a detectable change in the physiology 
of a recipient patient. 

By definition, one unit of INHIB activity will produce 
50% inhibition of cytokine-activated eosinophil cytotoxicity 
or neutrophil adherence at an eosinophil concentration of 2 x 
10 6 cells/ml and a neutrophil concentration of 2 x 10 6 
cells/ml in a standardized in vitro assay system. INHIB at a 
concentration of 20 U/ml produces a maximal inhibition of 100% 
at the same cell concentration. 

The therapeutic and/or diagnostic dosage administered 
will be dependent upon the particular inflammatory condition 
involved and may be dependent upon the age, weight, height, 
sex, general medical condition, and kind of concurrent 
treatment, if any, of the mammalian subject. 

Methods useful for administering the molecules of the 
present invention include topical, subcutaneous, intra- 
articular, intraperitoneal, intrapleural, or intraocular. 
When administering INHIB or its functional derivatives by 
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injection, the administration may be by continuous infusion, 
or by single or multiple boluses. 

The effective molecule useful in the methods of the 
present invention may be employed in such forms as, for 
example, stertle suspensions for injection or encapsulated for 
targeting to specific tissue sites with antibodies directed to 
inflammation-related cell surface structures. 

Additional pharmaceutical methods may be employed to 
control the duration of action. Controlled release prepara- 
tions may be achieved through the use of polymers to complex 
or absorb INHIB or its functional derivatives. The controlled 
delivery may be achieved by selecting appropriate macro- 
molecules (for example, polyesters, polyamino acids, poly- 
vi nyl , pyrrol i done , ethyl enevi nyl acetate , methyl cell ul ose , 
carboxymethyl cellulose, or protamine, sulfate) and the 
appropriate concentration of macromolecules as well as the 
methods of incorporation, in order to control release. 

Another possible method useful in controlling the 
duration of action by controlled release preparations is 
incorporation of the INHIB molecule or its functional 
derivatives into particles of a polymeric material such as 
polyesters, polyamino acids, hydrogels, poly(lactic acid), or 
ethylene vinyl acetate copolymers. 

Alternatively, instead of incorporating INHIB or its 
functional derivatives into polymeric particles, it is 
possible to entrap these materials in microcapsules prepared, 
for example, by coacervation techniques or by interfacial 
polymerization (for example, hydroxymethyl cellulose or 
gel ati ne-mi crocapsules and pol y- (methyl methacyl ate ) mi cro- 
capsules, respectively), in colloidal drug delivery systems 
(for example, liposomes, albumin microspheres, microemulsions, 
nanoparticles, and nanocapsules) , or in macroemul sions. Such 
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techniques are disclosed in Remington's Pharmaceutical 

Sciences (1980). 

EXAMPLES 

Having now fully described the present invention, the 
same will be more clearly understood by reference to certain 
specific examples which are included herewith for purposes of 
illustration only and are not intended to be limiting of the 
invention, unless specified. 

Cytokines . Recombinant human tumor necrosis factor 
(TNF), produced by in E. coli and purified (Wang et al . , 
Science 228:149 (1985)), was provided by Cetus Corporation. 
Unless otherwise specified, TNF was used at a concentration of 
100 U/ml, the optimal dose for the eosinophil cytotoxicity 
assay (Silberstein et al . . Proc. Natl . Acad. Sci . USA 83:1055 
(1986). For some experiments, purified monoclonal antibody 
245-10E11 (Fendly et al . Hvbridoma 6:359 (1987)) was used to 
neutralize the activity of TNF. The neutralizing titer of the 
antibody was determined by the L929 cell cytotoxicity assay 
(Wang et al. . Science 228:149 (1985)). Recombinant human 
granulocyte-macrophage colony-stimulating factor (GM-CSF), 
produced by COS cells and purified, was provided by 
Dr. Judith C. Gasson. GM-CSF was used at a final concentra- 
tion of 20 pM, the optimal dose in the eosinophil cytotoxicity 
assay (Silberstein et al . , J. Immunol. 137:3290 (1986)). 

Purified TNF was radioiodinated using IODO-BEADS (Pierce 
Chemical Co.). Autoradiography of 125 I-TNF following SDS-PAGE 
showed that the iodinated protein and the unlabeled TNF 
migrated in the same fashion. The majority (50-100%) of the 
initial bioactivity was recovered, as determined by the L929 
cytotoxicity assay (Wang et al . , Science 228:149 (1985)). The 
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specific activity of the labeled TNF was 0.7-7 X 10 8 cpm/ug 
(0.71-7.1 mCi/uM). 

Blood donors . Venous blood was obtained from laboratory 
personnel for the preparation of serum, eosinophils and 
neutrophils. Some of the donors for eosinophil studies had 
moderately elevated eosinophil counts in association with 
allergies and/or asthma (total eosinophil counts ranged from 1 
to 18% of total leukocytes for these studies). A human 
subject (NR) was identified whose eosinophils and neutrophils 
were uniquely (in a study population of 38) unresponsive to 
TNF in immunological assays in vitro . Serum from this subject 
and 5 of 122 other subjects tested, inhibited eosinophil 
cytotoxic function in a dose-dependent manner. 

One hundred anonymous serum samples were also supplied by 
the American Red Cross Blood Services, Northeast Region 
(Dedham, MA; for use in a studies related to Figure 7 and 
Table 1. 

Antibody . Antibody to schistosomula of the human blood 
fluke S. man son i was obtained from Brazilian schistosomiasis 
patients, as described previously (Silberstein et al . , Proc. 
Natl. Acad. Sci. USA 83:1055 (1986)). 

EXAMPLE ONE 

Preparation of Serum, Eosinophils, and Neutrophils 

Blood for the preparation of serum was collected in glass 
tubes, incubated at 37°C for 1 hour and then overnight at 4°C. 
The serum was clarified by centrifugation and stored frozen at 
-20°C. 

Heparinized blood for the preparation of eosinophils was 
processed by a sequence of dextran sedimentation and discon- 
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tinuous metrizamide density gradient centri fugation (Vadas et 
al J. Immunol. 122:1228 (1979)). The purity of eosinophil 
preparations, as evaluated by examination of Wright 7 s-Giemsa 
stained slides, ranged from 80 to 99%, 

Heparinized blood for the preparation of neutrophils was 
processed by a sequence of dextran sedimentation and Ficoll- 
Hypaque centri fugation (Boyum et al . Scand. J. Clin. Lab. 
Invest. 21 (Sudd! . 97) :77 (1968)). Erythrocytes were removed 
by hypotonic lysis. The neutrophil preparations were 
essentially free of mononuclear cells and contained <10% 
eosinophils. 

EXAMPLE TWO 

Assay of Eosinophil Cytotoxic Function 

Eosinophils were washed two times and suspended at a 
concentration of 2 X 10 5 /ml in assay medium (minimal essential 
medium with Earle's salts, supplemented with 25 mM HEPES, 2 mM 
glutamine, 100 U/ml penicillin G, 100 ug/ml streptomycin, and 
10% heat-inactivated fetal calf serum, all from GIBC0, Grand 
Island, NY). 

Mechanically-transformed schi stosomul a of Schistosoma 
mansoni were prepared as described previously (Ramalho-Pinto 
et al . Exp. Parasitol. 36:360 (1974)), washed four times, and 
suspended at a concentration of 2000/ml in assay medium. 
Cytokines, heat-inactivated anti -schi stosomul a serum, and test 
inhibitor were diluted to five times the final concentration 
in assay medium. Unless otherwise specified, 50 ul each of 
cytokine (or control medium), inhibitor (or control medium), 
and eosinophils, were added to wells of a tissue culture plate 
(96-well, round-bottomed). Some experiments that did not 
involve the study of inhibitors, were done using final volumes 
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of 200 ul , with four-times concentrated stocks of cytokine and 
antibody. 

The plates were incubated for 30 minutes at 37°C in a 
sealed, humidified box. After this period, 50 ul each of 
antibody and schistosomula were added, and the plates were 
incubated at 37 °C in a sealed, humidified box. For experi- 
ments in which the inhibitor was removed, the contents of 
microwells were transferred to 12 x 75 mm polypropylene tubes, 
diluted with 5 ml of medium, and centrifuged at 500 g for 5 
minutes. The supernatant was aspirated, and the eosinophils 
and schistosomula in the pellet were recultured in 250 ul of 
assay medium with fresh inhibitor and cytokine. 

The killing of schistosomula was scored by microscopy at 
approximately 40 hours, using uptake of toluidine blue and 
lack of motility as indications of death. The death of 
cultured schistosomula was negligible when either antibody or 
eosinophils was absent from the cultures. 

TABLE ONE 

Irreversibility of the Activation of INHIB 
% Reduction in TNF-enhanced Cytotoxic Functional 



% Inhibitor Serumfbl INHIBfcl INHIB ± Serumfd) 
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schistosomula; 37% 
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killed by TNF-stimulated eosinophils (0% decrease); 5% killed 
by unstimulated eosinophils (100% decrease). 

(b) serum from a control subject with no inhibitory activity. 

(c) pooled fractions containing activated INHIB, prepared by 
HPLC sizing chromatography (dilution factor = 50 with respect 
to serum, due to chromatography and pooling of fractions). 

(d) the indicated concentration of INHIB added to an equal 
volume of the serum from which it was derived. 

FXAMPLE THREE 

Assay of Neutrophil Function 

The ability of neutrophils to kill schistosomula was 
assayed as for eosinophils, except that an effector to target 
ratio of 5000: 1 was used. 

To determine neutrophil adherence to plastic, neutrophils 
were suspended at a concentration of 10 5 cells/200 ul of assay 
medium in the presence or absence of 100 U/ml TNF and allowed 
to settle in round -bottomed microtiter wells at 37°C for 2 
hours. After this period, the adherence of neutrophils to the 
plastic surface was assayed by one of two methods. As 
described previously (Silberstein et al . Proc. Natl. Acad. 

Sci. USA 83:1055 (1986); Arnaout et al . J. Clin. Invest. 

78:597 (1986)), the wells were examined using an inverted 
microscope. In the absence of TNF, there was very little 
adherence of neutrophils to the plastic, and most of the cells 
were in a pellet at the bottom of the wells. Usually, in the 
presence of TNF, neutrophils were seen covering the sides of 
the wells. 

As an alternative method of measuring the adherence of 
neutrophils, non-adherent neutrophils were washed away with 
warm saline, and a solution containing 0.1% Triton X-100, 
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0.4 mM 2-2' azino-di -3-ethyl -benzthiazol ine-6-sul fonate plus 
0.003% hydrogen peroxide in pH 4.0, 0.05 M sodium citrate 
substrate was added to the wells. The generation of colored 
substrate (absorbance monitored at 405 nm) was dependent on 
the quantity of neutrophil myeloperoxidase in the wells. 

Throughout the purification procedure there was strong 
correspondence between the ability of a test sample to 
suppress eosinophil cytotoxic function and its ability to 
suppress neutrophil adherence. Thus, purified INHIB is also 
able to suppress neutrophil functions and other leukocyte 
functions related to inflammation. 

EXAMPLE FOUR 

Measurement of Eosinophil and Neutrophil Production of H 2O0 

Production of H2O2 was measured by a modification of the 
method of Root et al . ( J. Clin. Invest. 55:945 (1975)). 
Purified cells were washed and resuspended in buffer (4 mM 
sodium phosphate, pH 7.4, 128 mM sodium chloride, 12 mM 
potassium chloride, 1 mM calcium chloride, 2 mM magnesium 
chloride, and 2 mM glucose) at a concentration of 10 6 /ml . The 
cells were then placed in a cuvette (10 x 10 x 48 mm acrylic, 
Sarstedt, Princeton, NJ) with 5 ul of horseradish peroxidase 
stock (6.25 mg/ml buffer, Sigma), 10 ul of scopoletin stock 
(1 mM in buffer, Sigma), 10 ul of control buffer or TNF (for 
some experiments), and maintained at 37°C. Fluorescence was 
monitored at 460 nm (with excitation at 350 nm) by a Perkin- 
Elmer model MPF-44B fluorescent spectrophotometer (Perkin- 
Elmer, Norwalk, CT). When baseline fluorescence had been 
established for 5 minutes, the cells were stimulated either 
with 10 ul of phorbol myri state acetate (1 mg/ml in ethanol) 
or with IgG aggregates. The decrease in fluorescence, which 
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is proportional to the production of H2O2, was recorded by a 
Perkin-Elmer model 056-1001 recorder. 

IgG aggregates were prepared by known methods. Chromato- 
graphically purified human IgG (Organon Teknika-Cappel ) was 
dissolved in H2O2 assay buffer at a concentration of 10 mg/ml . 
This solution was heated in a water bath at 62 °C for 25 
minutes. Control preparations of IgG that were not heat- 
aggregated did not stimulate detectable production of H2O2 by 
eosinophils or neutrophils. 

EXAMPLE FIVE 

Assay Of The Biological Activity of TNF 

The biological activity (expressed in units) of TNF was 
assayed as described (Wang et al . Science 228:149 (1985)), 
using the TNF-sensiti ve L929 cell line. The cells were 
cultured either with 1 ug/ml actinomycin D for 16 hours 
(seeded initially at 10 5 cells/microwell ) or without actino- 
mycin D for 28 hours (seeded originally at 2 x 10 4 cells/- 
microwell). The viability of L929 cells was determined by the 
spectrophotometric measurement of the reduction of the tetra- 
zolium salt MTT (3-4,5-dimethyl thiazol -2-yl ) -2, 5-diphenyl 
tetrazolium bromide) to formazan by the mitochondrial enzyme 
succinate dehydrogenase, a reaction which occurs only in 
living cells (Denizot et al . J. Immunol. Meth. 89:271 (1986)). 

EXAMPLE SIX 

Measurement of Neutrophil Surface Membrane Receptors for TNF 

Neutrophils were incubated overnight at 4°C in Hank's 
balanced salt-" solution plus 1% sucrose in the presence of 
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various doses of ^^5 j _-| a t> e l ed TNF in the presence or absence 
of a 1000-fold excess of unlabeled TNF, as described previous- 
ly (Creasey et al PNAS USA 84:3293 (1987)), After this 
period, the neutrophils were washed in cold buffer, and the 
bound radiolabel was counted. Non-specific binding 
(radiolabel bound in the presence of unlabeled TNF) was 
subtracted from total bound radiolabel (in the absence of 
unlabeled TNF) to calculate specific binding. 

EXAMPLE SEVEN 

HPLC Sizing Analysis 

100 ul samples of serum were chromatographed on the 
following HPLC sizing columns: TSK-250 and TSK-4000 BioSil 7 x 
600 mm columns (BioRad, Richmond CA) and a Zorbax G-250 column 
(Dupont, Wilmington DE) . The chromatography solvent consisted 
of 0.9% sodium chloride, 25 mM HEPES at pH 7.0, 100 U/ml 
penicillin G, and 100 ug/ml of streptomycin. The molecular 
weight of the inhibitory component (INHIB) was estimated by 
size exclusion HPLC at 80 to 100 kilodaltons (kD). When 
control serum samples with no detectable INHIB were chroma- 
tographed in the same manner, INHIB of the same apparent 
molecular weight was detected. Partial purification of INHIB 
by molecular sizing HPLC increased the potency of INHIB. 

In order to discover the population distribution of the 
inhibitory activity identified in NR serum, 22 sera from lab 
personnel and 100 anonymous sera from the Red Cross were 
tested in the eosinophil cytotoxicity assay. Eleven of these 
sera reduced TNF-enhanced killing of targets by >50% and 4 
sera reduced TNF-enhanced killing by >90% (data not shown). 
The inhibitor was also detectable in a sample of pooled human 
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type A8 serum, that was obtained from Flow laboratories (lot# 
29309039) . 

EXAMPLE EIGHT 

The purification of INHIB from Human Serum 

Volumes up to 350 ml of human serum, either pooled or 
from a single donor, were processed for purification of INHIB 
by the following steps: 

1. Ammonium sulfate precipitation : Serum was brought 
to 50% saturation with ammonium sulfate (29.1 g/100 ml) and 
mixed for 24 to 48 hours at 4°C. The slurry was centrifuged 
at approximately 10,000 x g for 15 minutes. The resulting 
pellet (50P) was saved. The supernatant (50S) was brought to 
65% saturation (addition of 9.2 g ammonium sulfate/100 ml). 
This was mixed in the cold and centrifuged as before. The 
resulting supernatant (65S) was saved. The pellet (65P) 
contained INHIB (Figure 15), and was dialyzed in phosphate- 
buffered saline (PBS) for the next purification step. 

2. Chromatography over control led-oore glass beads : 
The 65P fraction was dissolved in PBS + 0.04% sodium azide, 
dialyzed in more PBS, and diluted in PBS to 10 times the 
original volume of serum. This solution was mixed with 
control led-pore glass beads (CPG Inc., Fairfield, NJ) at a 
ratio of 1 g beads: 10 ml diluted 65P, overnight at 4 0 C. The 
beads were packed in a column with a height to width ratio of 
> 50:1, washed with PBS, and eluted with 30% and then 50% 
ethylene glycol. INHIB was recovered in the 50% eluate 
(Figure 16) . 

3. Hydrophobic interaction chromatography : The sample 
was dialyzed in buffer A (0.1 M sodium phosphate, pH 7.0, plus 
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0*6 M ammonium sulfate) and loaded on a Bio-Gel TSK-phenyl 5- 
PW HPLC column (75 x 7.5 mm, Bio-Rad, Richmond, CA) in the 
same buffer. The column was washed 15 minutes with buffer A 
and then eluted with a 45 minute gradient (flow « l ml/minute) 
to buffer B (0.01 M sodium phosphate, pH 7.0 plus 30% ethylene 
glycol). This was followed by a 15 minute wash with buffer B. 
INHIB was recovered in fraction 52 (1 minute fractions, 
beginning with injection) at approximately 25% solution B 
(Figure 17) . 

4. Anion exchange chromatography : The fraction was 
dialyzed in buffer C (0.02 M Tris, pH 8.0) and loaded on a 
DEAE-5PW HPLC column (7.5 x 75 mm, Kratos, Ramsey, NJ). The 
column was washed for 15 minutes with buffer C and eluted with 
a 30 minute gradient (flow * 1 ml/minute) from buffer C to 
buffer D (0.02 M Tris, pH 8.0 plus 0.5 M ammonium sulfate). 
This was followed by a 15 minute wash with buffer D. INHIB 
was recovered in fractions 25 to 27 (Figure 18). 

5- Reversed-phase HPLC : The pooled fractions were 
loaded on a Vydac C4 column (4.6 x 250 mm, the Nest Group, 
Southboro, MA). The column was washed with solution E (0.1% 
trifluoroacetic acid) for 20 minutes and eluted with a 30 
minute gradient from solution E to solution F (0.1% trifluoro- 
acetic acid plus 50% acetonitrile) . INHIB was recovered in 
fraction 40, corresponding to the indicated peak (Figure 19). 

Analysis of this material by SDS-polyacryl amide gel 
showed a single polypeptide species with a molecular weight of 
approximately 70,000 (Figure 20). 

Affi-Gel Blue (Bio-Rad) fractionation of ammonium 
sul fate-precipitated human serum was also utilized in place of 
step (2), chromatography over control! ed-pore glass beads. 
This step also greatly enhanced INHIB activity in the serum 
albumin -reduced fraction (greater than 100%) as assessed by 
the eosinophil cytotoxicity assay and neutrophil adherence 
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assay. There was some remaining activity in the albumin 
fraction which was not removed. (See Travis et al . . Bio- 
chem. J. 157 :301-306 (1976); Yip et_ajL, PNAS 78:1601). 

Mechanism of Action of INHIB 

INHIB did not have detectable toxic effects on eosino- 
phils. The presence of INHIB did not affect the uptake of 
trypan blue by eosinophils incubated in assay medium for 
periods up to 36 hours (not shown). Similarly, the presence 
of INHIB did not affect the uptake of trypan blue by non- 
adherent eosinophils removed from cytotoxicity cultures. 
Furthermore, eosinophils incubated in medium with INHIB for 1 
or 12 hours synthesized H2O2 at the same rate a control 
incubated eosinophils, following stimulus with an optimal dose 
of phorbol myristate acetate (PMA). 

In one experiment, for example, PMA increased the rate of 
H2O2 production by a factor 63.5 and 66.3 for eosinophils 
incubated 12 hours with and without an optimal dose of INHIB, 
while the increase was by a factor of only 30.3 after a 5 
minute preincubation with 0,01% sodium azide. 

Effect Of Cytokine 

The inventors also investigated the question of the 
effects of INHIB as specific for TNF stimulation of eosino- 
phils or whether INHIB would also suppress the function of GM- 
CSF-stimulated eosinophils. Selected control sera (#s 51, 52, 
53, and 54 from the Red Cross collection, see Table 2) and 
various control HPLC sizing fractions (not shown) had no 
effect on the cytotoxic function of GM-CSF-stimul ated 
eosinophils. On the other hand, NR serum, chromatographical - 
ly-pur-ified INHIB from NR serum, and selected samples with 
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detectable INHIB (#s 25, 33, 41, and 67) all reduced by the 
cytotoxic function of GM-CSF-stimul ated eosinophils (Table 2). 
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TABLE TWO 

Effect of INHIB on the Cytotoxic Function of 
TNF and GM-CSF-stimul ated Eosinophils 

Cytokine Stimulation of Eosinophils 

Inhibitor None 100 U/ml TNF 20 oM GM-CSF 

None 9(a) 48 100 

10% NR serum 23 24 33 

20% INHIB (b) 13 27 46 

Red Cross serum # (c) : 

51 7 37 92 

52 11 46 70 

53 6 51 89 

54 12 35 83 

25 7 7 22 

33 10 11 25 

41 12 17 25 

67 15 12 36 



(a) the % maximum killing of schistosomula assayed at 36 to 
40 hours, mean of duplicate cultures. 

(b) derived from NR serum, dilution factor relative to the 
serum = 50. 

(c) samples 51 through 54 were selected for the absence of an 
inhibitory activity; samples 25, 33, 41 and 67 were selected 
for the presence of inhibitory activity (see Fig. 7). 
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INHIB did not protect L929 cells from the toxic effects 
of TNF either in the presence or absence or actinomycin D, 
when added to the culture after various times of incubation* 
In contrast, the TNF-specific monoclonal antibody 245-10E11, 
protected the L929 cells when added early in the culture 
period (Fig, 11). 

The inhibitory effect of NR serum or INHIB on the 
cytotoxic function of TNF- stimulated eosinophils could be 
observed when they were added to the eosinophils as late as 4 
hours after the TNF. Monoclonal antibody 245-10E11 also 
inhibited TNF-enhanced cytotoxic function, but only when it 
was added simultaneously with the TNF to the eosinophils. 

The effect of INHIB was observed when it was present for 
the first 2 hours of culture. When it was removed by washing 
after shorter durations of culture, the effects were diminish- 
ed or undetectable. Preincubation of eosinophils with INHIB 
for up to 12 hours at 37°C and removal of INHIB by washing did 
not reduce the subsequent cytotoxic function of TNF-stimul ated 
eosinophils. 

USES FOR PURIFIED INHIB 

Purified INHIB can be employed as a therapeutic agent in 
immunologic disease in mammals, particularly diseases in which 
suppression of inflammation would be helpful. For example, 
purified INHIB may be employed for the treatment of cancers, 
viral and other infectious diseases, autoimmune diseases, for 
the correction of immune-deficiency diseases, and the like. 
Purified INHIB could be used to generate antibodies as 
described, and to predict the structure of oligonucleotide 
probes; these reagents could be used to screen cONA libraries 
for the isolation of the gene encoding INHIB. The purifica- 
tion method, or some of its components, could be used orf a 
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larger scale for the purification of biosynthetic (recom- 
binant) INHIB. 

Understanding the processes by which INHIB inhibits 
cytokine-activated leukocyte immunologic activity, such as 
eosinophil cytotoxicity and neutrophil adherence, will aid in 
the development of its therapeutic and/or diagnostic uses in 
the fields of organ transplantation, allergy, and oncology, 
for example. This invention will enable those in the medical 
field to more effectively diagnose and treat inflammatory 
disease processes, and to utilize a quantitative assay for 
INHIB in order to monitor the time-course and/or intensity of 
ongoing clinical episodes of inflammation. The invention will 
further enable researchers to investigate mechanisms of 
eosinophil and neutrophil interactions with other cells and 
eosinophil and neutrophil function in inflammation. 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is 
capable of further modifications. This application is 
intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the 
invention and including such departures from the present 
disclosure as come within known or customary practice within 
the art to which the invention pertains and as may be applied 
to the essential features hereinbefore set forth as follows in 
the scope of the appended claims. 
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WHAT IS CLAIMED IS : 

1. INHIB, capable of inhibiting the immunologic 
activity of an activated leukocyte, substantially free of 
natural contaminants. 

2. The INHIB molecule of claim 1, wherein said molecule 
is a fragment of INHIB which is capable of inhibiting the 
immunologic activity of an activated leukocyte. 

3. The INHIB molecule of claims 1 or 2, wherein said 
molecule is capable of inhibiting the cytotoxic function of an 
activated eosinophil, 

4. The INHIB molecule of claims 1 or 2, wherein said 
molecule is capable of inhibiting the adherent function of an 
activated neutrophil. 

5. The INHIB molecule of claims 1, 2, 3, or 4, wherein 
said leukocyte is activated by a cytokine. 

6. The INHIB molecule of claim 5, wherein said cytokine 
is selected from the group consisting of tumor necrosis factor 
(TNF) , granul ocyte-macrophage colony-stimulating factor 
(GMCSF), and eosinophil cytotoxic enhancing factor (ECEF). 

7. The INHIB molecule of any one of claims 1 or 2, 
wherein said molecule is detectably labeled. 

8. The INHIB molecule of claim 7, wherein said molecule 
is detectably labeled with a label selected from the group 
consisting of a radioisotope, an enzyme, a fluorescent label, 
a paramagnetic label, and a free radical "label. 
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9. An antibody derived by using an immunogen comprising 
the INHIB factor of claim 1. 

10. An antibody derived by using an immunogenic and 
immunospecific peptide fragment of the INHIB factor of claim 
1. 

11. An antibody according to claims 9 or 10 in labeled 

form. 

12. A method of diagnosing the presence and location of 
inflammation in a mammalian subject suspected of having an 
inflammation which comprises: 

(a) administering to said subject a composition 
containing a detectably labeled binding molecule capable of 
identifying INHIB; and 

(b) detecting said binding molecule. 

13. A method of diagnosing the presence and location of 
an inflammation in a mammalian subject suspected of having an 
inflammation which comprises: 

(a) incubating a biological sample of said subject 
in the presence of a detectably labeled binding molecule 
capable of identifying INHIB; and 

(b) detecting said binding molecule which is bound 
in said sample of said tissue. 

14. A pharmaceutical composition useful for treating 
inflammation in a mammalian subject comprising an inflam- 
matory-reducing amount of INHIB, and a pharmaceutical ly 
acceptable carrier. 
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15. A method of treating inflammation in a mammalian 
subject which comprises providing to said subject in need of 
such treatment the pharmaceutical composition of claim 14. 

16. The method of claim 15, wherein said inflammation is 
a reaction of the specific defense system. 

17- The method of claim 15, wherein said inflammation is 
a reaction of the non-specific defense system. 

18. The method of claim 15, wherein said inflammation is 
a delayed type hypersensitivity reaction. 

19. The method of claim 15, wherein said inflammation is 
a symptom of an autoimmune disease. 

20. The method of claim 19, wherein said autoimmune 
disease is selected from the group consisting of: 

(a) Raynaud's syndrome; 

(b) autoimmune thyroiditis; 

(c) EAE; 

(d) multiple sclerosis; 

(e) rheumatoid arthritis; and 

(f) lupus erythematosus. 
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